Cholangiocarcinoma (CCa) is an aggressive tumour of the biliary epithelium with a poor prognosis. It is responsible for 10%-20% of deaths from all hepatobiliary malignancies worldwide [1] . The incidence of CCa is the highest in Asia, affecting 113 per 100,000 per year, whereas incidence in the Western World ranges between 0.5-1.5 per 100,000 people per year [1, 2] .
CCa commonly presents at an advanced stage, as signs and symptoms of are often either absent or nonspecific. Even if CCa is diagnosed before extensive invasion and spread, it has a limited response to chemotherapy, and surgical resection results in a median survival of 36 months [3] . Given these statistics, any opportunity for early identification and intervention could greatly improve prognosis.
Three premalignant precursors to the development of CCa have been identified, the most common of which are intraductal papillary neoplasm of the bile duct (IPNB) and biliary intraepithelial neoplasia, with biliary mucinous cystic neoplasm (MCN) only rarely being the cause of invasive tubular adenocarcinomas [2, 4] . Biliary intraepithelial neoplasia presents as a flat lesion visible only on microscopy, thus its utility as a noninvasive premalignant marker for CCa is limited. This leaves IPNB and MCN as potential targets for intervention as they may be identified radiologically. Although definitive diagnosis of these precursor lesions lies in pathologic identification, IPNB can usually be differentiated from MCN on imaging as IPNB communicates with and can be found throughout the biliary tree, whereas MCN is confined as a closed cyst within the hepatic parenchyma [4] . Absence of an ovarian-type stroma on biopsy or tumour resection then confirms IPNB as opposed to MCN.
We focus on the radiologic identification of IPNB, as it occurs more commonly (10%-15% of all bile duct tumours), is more strongly associated with malignancy, and has an overall favorable prognosis [4e6]. We review the multimodal imaging findings associated with IPNB including abdominal ultrasound, computed tomography (CT), magnetic resonance imaging (MRI), magnetic resonance cholangeopancreatography (MRCP), and endoscopic retrograde cholangeopancreatography (ERCP) serving as a reference for both the general diagnostic radiologist, as well as the gastrointestinal or hepatobiliary specialists.
Classification

IPNB (or IPN-B) was introduced in World Health
Organization's 2010 reclassification of tumours of the digestive system [7] . Previously used terms such as biliary papilloma/papillomatosis, mucin-secreting biliary tumour, and biliary intraductal papillary mucinous neoplasm are now consolidated into IPNB. Although IPNB was once thought to be the biliary counterpart to intraductal papillary mucinous neoplasm of the pancreas, it is now known as distinct clinical and histopathological entity [7] .
Numerous classification systems of IPNB have been published in the literature based on either anatomic location [8] , cholangiographic appearance [9] , or gross morphology [10] . However, according to the World Health Organization, IPNB is to be classified by its pathology into 4 epithelial subtypes; pancreatobiliary, intestinal, gastric, and oncocytic, with mucin secretion either present or absent. The grade of intraepithelial neoplasia is then defined as either lowintermediate, high, or invasive carcinoma.
Clinical Presentation
IPNB, similar to CCa, affects patients with mean age of about 65 years, with a slightly higher incidence in men than in women [6] . Risk factors for developing this precancerous lesion are not always present, but include presence of choledochal cysts, hepatolithiasis, clonorchiasis, and primary sclerosing cholangitis. Clinical features of IPNB usually relate to biliary obstruction secondary to tumour invasion or mucin production, and include right upper quadrant pain, jaundice, elevated liver enzymes, or recurring cholangitis; however, some patients can be asymptomatic [9] . The primary treatment modality is surgical resection, both to prevent the opportunity for malignant changes and to alleviate biliary obstruction, which may lead to recurrent cholangitis. Surgical options include hepatectomy with or without biliary resection or a Whipple procedure (pancreaticoduodenectomy). Once identified and treatment initiated, IPNB lesions, even if showing foci of invasive carcinoma, have a better 5-year survival than do conventional CCa [10] .
Radiologic Features
As mentioned previously, IPNB can present with or without copious mucin production, and can originate in both intra-and extrahepatic ducts. Although no diagnostic algorithm for IPNB has yet been described, the presence of the following 3 CT or MRI findings should raise one's suspicion for IPNB: focal extra or intrahepatic biliary ductal dilatation (with or without biliary wall thickening), intraductal masses or nodules, and growth along the interior wall. However, without pathologic diagnosis cholangiocarcinoma remains on the differential (see Differential Diagnosis). Abdominal ultrasound is often the first imaging modality requested after symptomatic presentation of IPNB, where diffuse duct ectasia or localized ductal dilatation can be seen. Extensive duct dilatation in absence of a visible tumour increases the likelihood of a mucin-producing tumour, which is best assessed by MRCP or ERCP. MRCP and ERCP show an irregular signal or contrast filling defect, respectively; however, ERCP also offers opportunity for biopsy and brushing of lesions. Copious mucin may also be seen at the time of ERCP.
A 3-phase contrast-enhanced CT reveals lesions that are either iso-or hyperdense compared with surrounding hepatic parenchyma during the late arterial phase, and never retain this hyperattenuation during portal venous or delayed phases [11] . On T1-weighted MRI, IPNB appears iso-or hypointense, whereas T2-weighted images show hyperintense masses [12] .
Here we present 5 patients to highlight the multimodal imaging findings of IPNB, with pathologic correlations where available. Patient cases differ by anatomical location, identified as diffuse type IPNB, IPNB arising from the cystic duct, and intrahepatic and hilar extrahepatic IPNB.
Imaging Cases
Case 1: Diffuse-Type IPNB An 89-year-old Asian man presents with rapid onset fatigue and weight loss with subsequent development of cholecystitis and cholangitis. Initial investigation included ERCP ( Figure 1A) , which showed marked extra and intrahepatic ductal dilatation. The choledocoscope was used to clear multiple stones and mucin. Triphasic CT was performed to assess for underlying mass. A transaxial CT ( Figure 1C ) demonstrates ductal dilatation with highattenuation linear mass in the right segmental intrahepatic ducts. MRCP ( Figure 1B ) and MRI with contrast ( Figure 1D ) confirm dilated intrahepatic ducts, showing filling defects along the side wall and enhancing solid components, respectively. Surgical exploration and biopsy revealed an atrophic liver and a 4 cm intestinal type IPNB, predominantly low grade with no evidence of invasive carcinoma ( Figure 1E ). Subsequent surgical intervention consisted of a right hepatic lobectomy, bile duct resection above the bifurcation with multiple anastomosis, and a Roux-en-Y loop. 
Case 2: IPNB Arising From Cystic Duct
A 65-year-old Caucasian man with past medical history significant only for alcohol use presents with obstructive jaundice. Diagnostic workup included ERCP and CT. ERCP (Figure 2A) shows intrahepatic duct dilatation and filling defect at the cystic and hepatic duct confluence. Contrast CT (Figure 2 , B and C) revealed enhancing soft tissue in the cystic duct. A biopsy of the lesion reported moderately differentiated cholangiocarcinoma arising in the background of intestinal type IPNB of the cystic duct, with extension into Hartmann's pouch of the gallbladder (Figure 2, D and E) . Tumour resection consisted of a cholecystectomy with a Roux-en-Y reconstruction. Unfortunately, however, 1 year postresection the patient was found to have bilateral lung nodules consistent with metastasis of his cholangiocarcinoma.
Case 3: Intrahepatic IPNB
A 76-year-old Caucasian man presents with abdominal pain and elevated liver enzymes. Past medical is history significant for smoking and alcohol use, noneinsulindependent diabetes mellitus, and a previous cholecystectomy for acute cholecystitis. Initial abdominal US showed proximal duct dilatation (Figure 3, A and B) . Contrast CT confirmed intrahepatic duct dilatation that also affected the left hepatic duct (Figure 3 , C-E). Subsequent ERCP (Figure 3 , F and G) showed extrahepatic and mild intrahepatic ductal dilation, as well as a large filling defect in the proximal left hepatic duct, consistent with a stone. MR evaluation of the lesion showed noncontrast low T1 signal, heterogeneous arterial enhancement with contrast, with mild enhancement on portal venous phase and delayed enhancement on 5-minute washout (delayed phase shown in Figure 3H ). On biopsy, patient was found to have an intrahepatic IPNB with high-grade dysplasia. He underwent a left hepatic lobectomy, but returned to hospital approximately 3 years postoperatively and received a new diagnosis of hepatocellular carcinoma. A second liver resection was performed with no subsequent evidence of IPNB recurrence.
Case 4: Hilar Extrahepatic IPNB
A 52-year-old man of African descent with ulcerative colitis and primary sclerosing cholangitis presents with recurrent bouts of cholangitis, and subsequently developed end-stage liver disease requiring liver transplant. Approximately 1 month later he returned to hospital with repeat jaundice and evidence of liver failure. An abdominal ultrasound showed echogenic soft tissue in the common hepatic duct extending to the distal common bile duct ( Figure 4A ). ERCP showed smooth filling defects in the hilar extrahepatic bile ducts ( Figure 4B ). Biopsy of the transplanted liver revealed presence of intestinal type IPNB with copious amount of mucin secretion into the hilar ducts. A repeat liver transplant was performed, however, the patient later developed a graft rejection leading to liver cirrhosis.
Case 5: Hilar Intrahepatic
A 45-year-old Caucasian woman with no significant risk factors presents with repeated bouts of cholangitis. Abdominal MRI revealed a large obstructing papillary mass up to hepatic bifurcation ( Figure 5A ). MRCP and ERCP show a filling defect in the central intrahepatic duct (Figure 5, B and C) . A bile duct biopsy was interpreted as adenoma vs well-differentiated adenocarcinoma. The patient subsequently underwent a right hepatectomy with hepaticojejunostomy and common bile duct resection. Approximately 1 year later the patient again presented with jaundice as well as bleeding per rectum. Contrast CT imaging ( Figure 5 , D and E) revealed a mass adjacent to the resected margin, with moderate intrahepatic biliary dilatation. Liver biopsy was positive for IPNB. The patient underwent further bile duct resection and a Whipple procedure. Several months later the patient presented to hospital with gastrointestinal bleeding, and was found to have another recurrence of tumour, this time invasive adenocarcinoma of the bile duct. She received a living donor liver transplant. It is likely that micrometastasis were already present at the time of transplant, as most recent records indicate metastatic adenocarcinoma to the skin as well as gastric metastasis.
Differential Diagnosis
IPNB, a precursor lesion with improved surgical prognosis, should be distinguished from the more dire diagnosis of CCa. The triad of local dilation of the bile duct, a nodule within the dilated duct, and growth along the interior wall of the bile duct on CT or MRI has a positive predictive value above 90% for identifying IPNB vs CCa [13] .
The differential diagnosis of IPNB also includes MCN, as IPNB tends to share similar cystic morphology to MCN (and in rare cases can also appear to lack communication with the bile duct) [14] . Common distinguishing features include dilatation of both upstream and downstream bile ducts with IPNBdsecondary to copious mucin productiondcompared with MCN, which may obstruct bile flow by mass effect, but usually leads to dilatation of only the upstream ducts [15] . Although sometimes unilocular, IPNB can be differentiated from a simple biliary cyst due to its friable, papillary epithelial proliferation and thick mucinous contents, whereas simple cysts are lined by a flat epithelium and are associated with more serosanguinous contents [6] .
Conclusion
IPNB is a precursor to the development of cholangiocarcinoma, a diagnosis with a significantly poorer prognosis. We present our cases with radiological and pathological correlation emphasizing the importance of multimodality imaging that will facilitate early diagnosis, bearing in mind that biopsy is still required for definitive diagnosis. It is important to emphasize that although IPNB is a potentially curable disease, it requires complete surgical resection with negative margins, and unlike its close relativedintraductal pancreatic mucinous neoplasmdclose observation of these tumours is not recommended [9, 16] .
